surements.
14 There is a growing body of literature analyzing QOL issues following surgery. 2, 13, 14, 20, 27 In this study we reviewed outcomes in a consecutive series of patients harboring VSs for which surgery was performed to preserve hearing, obtaining pre-and postoperative audiometric measures of SDSs and PTAs as well as intraoperative auditory brainstem responses. In addition to these objective hearing measures, the patients themselves evaluated perceived hearing function via a postoperative questionnaire. A number of previous studies have been focused on patient perceptions of hearing function, but no comparison of these data with audiometric findings exists; 14, 18, 20, 21, 36, 37 therefore, we aimed to compare objective audiometric data with subjective patient perceptions of hearing function prior to and following VS resection.
Methods

Patient Population and Symptoms
In this retrospective series, 176 tumors were surgically treated between May 1990 and May 2009 to preserve hearing. Eighty-seven of the patients (49.4%) were men. The average patient age was 46.5 years (range 11-74 years). Neurofibromatosis Type II was diagnosed in 3 patients. Presenting signs and symptoms were similar to those described in other studies of VSs:
22 balance or gait instability, facial paresthesia, headache, facial twitching, taste abnormality, and tinnitus. The most common presenting symptom was hearing loss, which was evident in nearly all patients.
Tumor measurements were made using preoperative MR imaging studies and were based on the largest diameter of the tumor excluding the intracanalicular component. Tumor sizes ranged from 0.5 to 5 cm, with an average diameter of 1.7 cm.
Patients were selected for hearing preservation surgery based on preoperative hearing function, tumor size, and the degree of lateral tumor extension.
Surgical Technique
Retrosigmoid (165 patients), middle fossa (6 patients), and modified translabyrinthine (5 patients) approaches were utilized. Surgical techniques related to these approaches are standardized and well documented in the literature. The operative team consisted of an otological surgeon, a neurosurgeon, and a neuroanesthesiologist.
For larger tumors, ultrasonic aspiration was used to debulk the tumor, allowing the surgeon to more easily define the surgical plane between the tumor and the cerebellum and to identify cranial nerves V, VII, and VIII at the brainstem. The bone of the internal auditory canal was removed by drill curettage, permitting lateral tumor identification and cranial nerve VII and VIII dissection. Following complete tumor removal, wound closure was performed in the usual fashion. In each of the 176 operations, the senior author (D.E.A.) judged the tumor removal as gross total at the time of surgery as well as on follow-up CT scans.
Preservation of facial function throughout the procedure is considered a primary outcome measure of VS removal, and facial nerve monitoring and preservation techniques were applied as described in the literature.
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Audiometric Testing
Audiometry was performed both pre-and postoperatively by members of the Department of Audiology. Testing consisted of measures of PTA and SD. Figure 1 illustrates the number of patients completing each of these measures. Of the 176 patients in the study, 145 (82.4%) had complete data sets of pre-and postoperative PTA analysis, 147 (83.5%) had complete pre-and postoperative SD analysis, and 142 (80.7%) had complete pre-and postoperative PTA and SD data.
Patients with complete audiometric data sets were stratified into levels of hearing function, according to the AAO-HNS, 7, 32 to facilitate analysis of hearing function with other measures. The AAO-HNS Hearing Stratification Schema classifies based on the sound intensity that a patient can hear and the percentage of spoken words that a patient can identify. This classification schema is presented in Table 1 .
Patient Self-Assessment via Questionnaire
In addition to objective hearing data, patient perceptions of hearing function were evaluated. After resection, postoperative recovery, and routine clinic visits, all patients were contacted via mail or telephone to complete a questionnaire. This standardized questionnaire was adapted from the Abbreviated Profile of Hearing Aid Benefit, 6,7 a clinical measure originally used to evaluate hearing function with and without the use of a hearing aid. For our purposes, the questionnaire (Appendix) was modified to examine patient perceptions of hearing preand postoperatively, rather than hearing aid function.
The questionnaire contains 24 statements about common social hearing situations and instructs the patient to rate how often each statement correctly reflects their hearing ability: always (99%), almost always (87%), generally (75%), half the time (50%), occasionally (25%), seldom (12%), or never (1% 1, 6, 7, 11, 16, 19 , and 24) address peripheral hearing function with background noise, known colloquially as the "cocktail party effect." This categorization allows specific analysis of patient-perceived function in certain hearing contexts. Further, as these questions pertain to everyday hearing activity, the complete questionnaire entails an indirect, albeit generalized and incomplete, QOL metric.
Of the 176 patients in this study, 87 (49.4%) returned questionnaire data either by mail or by phone. All but 6 of the questionnaires were complete, with incomplete forms having at least 1 missed question. Data from these 6 questionnaires were included in the analysis, although averages for the patients were computed using only the completed questions.
Results
Audiometric Data
Pure tone thresholds were measured sequentially at 500 Hz and 1, 2, 3, and 4 kHz, and the PTA was calculated by averaging these values. As noted by Raffin et al.,
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a 10-dB fluctuation in PTA would indicate a significant change at a p < 0.005. Maintaining the same confidence level (p < 0.005), an SDS of 100% would require a change of 12% to be statistically significantly, whereas an initial score of 50% would require a change of ± 28%.
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One hundred forty-two patients (80.7%) had complete sets of audiometric data, consisting of both a SDS and PTA, and were stratified into AAO-HNS levels of hearing function ( Fig. 1 and Table 2 ). Of these patients, 94 (66.2%) had measurable postoperative hearing in the surgically treated ear, as indicated by either a PTA < 120 dB or an SDS > 0%. One hundred forty-seven patients (83.5%) had complete SD data, and 62 of them demonstrated an SDS ≥ 50% postoperatively, representing 45.3% of the patients who had presented with preoperative SDSs ≥ 50%.
Questionnaire Data
From the 87 completed patient questionnaires, the following analysis was performed. As outlined above, each statement in the questionnaire was converted to a corresponding percentage. When a statement was a negative indicator of hearing function, it was subtracted from 100%, making all scores uniform such that a high score was always indicative of high hearing function, and a low score was always indicative of low hearing function.
As mentioned above, individual statements in the questionnaire were categorized into general hearing function or ease of communication, pain associated with hearing or aversiveness of various sounds encountered in normal environments, and hearing in situations with background noises (cocktail party effect). Subscores were discriminated in each of these areas, averaging the patient's response on the appropriate statements. Composite scores were also calculated by averaging all patient responses on the questionnaire.
Averaged pre-and postoperative subscores for each questionnaire category are included in Table 3 . Of the 4 categories of hearing perception, hearing in situations with background noises was most significantly decreased postoperatively.
Comparative Analysis of Questionnaire and Audiometric Data
Given that the primary aim of this study was to compare objective audiometric data with subjective patient assessments of function, an analysis between these measures was performed. Accordingly, 74 patients (42.0%) had complete audiometric and questionnaire data and were included in a comparative analysis (Fig. 1) . Stratification of these patients into the AAO-HNS hearing schema along with averaging of the questionnaire data allowed quantitative assessment of hearing function. Analyses of variance were performed and showed a significant effect of audiometric performance on perceived hearing; that is, as audiometric performance (as measured by the AAO-HNS classification) worsened, perceived hearing decreased.
Either no change or a change by only 1 AAO-HNS class (for example, A to B, B to C, and so forth) produced a nonsignificant perceived change in hearing, whereas a change of 2 classes (for example, A to C or B to D) produced a significant reduction (p < 0.05). Furthermore, the maximum change in class (A to D) produced the greatest decrement in hearing. Of those select patients with positive changes in class (for example, B to A or D to B), a variable effect on subjective hearing was observed (Fig.  2) .
Of the cocktail party effect questions listed, all were associated with detrimental changes in perceived hearing function; therefore, PTAs and SDSs were plotted against questionnaire subscores in cocktail party effect situations (Fig. 3) . Patients with significant decreases in both PTAs (p ≤ 0.005) and SDSs (p ≤ 0.005) showed a synergistic decrement in cocktail party effect situations, as compared with patients showing no audiometric deficits or decrements in either the PTA or SDS alone. Although nonsignificant, this effect may reach a level perceptible by patients and therefore become overtly detrimental to QOL. A comparison of audiometric measures with other questionnaire subscores was unremarkable.
Using a standard hearing preservation guideline of an SDS ≥ 50%, groupings were established for patients with (AAO-HNS Classes A, B, or C) and without (AAO-HNS Class D) such pre-and postoperative hearing levels. When comparing these groups, decrements in questionnaire subscores were observed in the postoperative condition regardless of the hearing preservation status (Table  4 ). This effect was exaggerated for the cocktail party effect subscores in the group without hearing preservation (-34.9%). Interestingly, preoperative subscores were commensurate for both groups, that is, for patients either with or without hearing preservation.
Further analysis of patients without postoperative hearing preservation was conducted, particularly between those with some level of SD (0% < SDS < 50%) and those with no detectable level (SDS = 0%). Of the 38 patients without postoperative SD preservation, 8 had detectable SD levels, and 30 did not. Comparatively, the patient group with a measurable level of SD had improved averaged subscores related to pain/adverse stimuli (68.8% vs 59.6%) and the cocktail party effect (44.3% vs 39.3%). However, composite scores were nearly equivalent, and general hearing subscores were worse for patients with some SD preservation. These scores, in addition to those among other AAO-HNS classes, are shown in Table 5 .
Discussion
While several modified approaches to VS resection have been used to preserve postoperative hearing, hearing loss remains a significant complication and a deterrent to a good QOL. In addition to the challenge of maintaining human hearing, there has been much long-standing uncertainty over how to quantify it, whether through objective audiometrics or patient-assessed measures. To date, several methods exist to quantify functional hearing, ranging from any detectable SD to an SDS ≥ 50%. One set of guidelines formulated by the AAO-HNS is somewhat more inclusive, analyzing both PTAs and SDSs to assign a level of function. However, an element lacking in these various measures is the integration of patient assessment. In light of this limitation, our aim was to incorporate individual patient quantifiers of hearing function with existing audiometric data. The evaluation of patientperceived hearing was accomplished through a modified version of the Abbreviated Profile of Hearing Aid Benefit questionnaire, an inventory by which patients can assess their hearing function in various common social and environmental situations. 6, 7 Questionnaire data identified statements regarding aural function in the presence of background noise-the cocktail party effect-as characterizing the largest postoperative deficit. This finding suggests that patients who suffer difficulty hearing after surgery are more affected by the ability to hear in the presence of background noise than in quiet situations or by pain. In fact, the average change in composite scores (from pre-to postoperative) was less than the average change in the cocktail party effect subscore. Following stratification in the AAO-HNS schema, it was also noted that the cocktail party effect subscores had the highest correlation with audiometrics, and thus substantiating subjective outcomes with established audiometrics.
While responses to the patient questionnaire correlated with standard audiometric data, the questionnaire also elucidated a significant shortcoming of the objective metrics. For patients grouped into a standard dichotomy of hearing preservation (SDS ≥ 50%) versus no hearing preservation (SDS < 50%), a major decrease in questionnaire subscores was noted, regardless of hearing status. In other words, on average, patients stratified into the AAO-HNS schema who maintained a level of objective hearing similar to that demonstrated preoperatively nevertheless showed large decrements in questionnaire subscores postoperatively. This effect was particularly apparent in patients without postoperative hearing preservation, and especially among the cocktail party effect questions. This result bolsters the aforementioned finding that the cocktail party effect represents the most significant subjective hearing deficit following surgery.
Interestingly, questionnaire subscores were similar among patients with or without preoperative hearing, defined as an SDS ≥ 50%. However, since only a few patients fell into the preoperative group without an SDS ≥ 50%, the interpretation of these results is difficult. In fact, at the time of surgery these patients were judged to have some measurable hearing that would benefit from a hearing preservation procedure. Ultimately, this finding represents a potential benefit of patient-perceived hearing measures, which would not otherwise be apparent or quantifiable through standard audiometry.
Our analysis further demonstrated that a substantial portion of patients fall into postoperative Class D of the AAO-HNS stratification of hearing function, and yet remain on the spectrum of functional hearing and may derive benefit from efforts toward hearing preservation. In our series, 94 patients (66.2%) with complete audiometric data had postoperative measurements of either an SDS > 0% or a PTA < 120 dB, the upper limit of the test. This number illustrates the significant patient population outside the audiometric range that is not addressed by standard hearing function stratification and that may benefit from subjective hearing assessment. Our subgroup analysis of patients with complete audiometrics showed that when AAO-HNS Class D patients with any preservation of SD (0% < SDS < 50%) are compared with AAO-HNS Class D patients with no preservation (SD = 0%), those in the former group demonstrate improved questionnaire subscores on questions relating to both pain with hearing (68.8% vs 59.6%) and the cocktail party effect (44.3% vs 39.3%). While we used only a small sample in this subgroup analysis and noted equivalent overall scores among groups, our data suggest that patients with a little hearing function, although not enough to register on the classification schema used today, do experience increased perception of hearing function. With literature demonstrating the long-term stability of hearing function in the majority of these patients, 4,5,10 we expect any amount of hearing preserved in a patient to be potentially beneficial and long lasting.
Conclusions
Our addition of patient-perceived hearing function to standard audiometrics suggests that there are better analytical measures available to clinicians and researchers looking to quantify hearing function in terms of both auditory deficit and functional disability. Moreover, the cocktail party effect, or hearing in the presence of background noise, is one of the greatest difficulties facing patients after VS resection and can only be identified through subjective measures. We propose that the implementation of a patient-perceived assessment along with standard audiometry offers the most comprehensive evaluation of hearing, especially with regard to quotidian function and QOL. The pre-and postoperative administration of a patient questionnaire would help to assess deficits in specific hearing measures not identified through standard audiometry and might ultimately aid in the proper treatment of hearing loss.
Our data also support the conclusion that patients may not fall into distinct categories of hearing but rather into a spectrum of hearing functions in various conditions. Thus, hearing preservation, whenever possible, is a reasonable aim, given that even a minimal amount of preserved hearing offers benefit to the patient in certain conditions, especially in the presence of background noise. Providing a patient with any amount of hearing function postoperatively, even if it is below a level that would be classically labeled as "preserved" by SDS or PTA cutoffs, might allow the continued ability to localize sound more quickly and focus attention and to develop strategies to remain aurally engaged. This ability to orientate and attend toward auditory stimuli would result in better daily function and, subsequently, an improved QOL. Further study of patient abilities to localize sound in 3D sound projection would be beneficial in elucidating this hypothesis. 
Appendix
The modified Abbreviated Profile of Hearing Aid Benefit questionnaire. 
